| INTRODUCTION
Oral squamous cell carcinoma (SCC) may be preceded by potentially malignant disorders (PMD), distinct mucosal lesions such as leukoplakia, erythroplakia or erythroleukoplakia, or more widespread disorders such as proliferative verrucous leukoplakia (PVL). 1, 2 Characteristic of PMD is the variable histopathological presence of epithelial disorganisation and dysmaturation which is characterised microscopically as dysplasia. 1, 2 Whilst the natural history of PMD remains poorly understood, recent systematic reviews have estimated a 12% cancer risk over a mean transformation time of 4.3 years. 3 Early diagnosis and intervention during the progression of worsening dysplasia towards SCC thus have potential to improve prognosis and reduce morbidity. 1 lesion behaviour or quantify individual risk for malignant transformation 1. Contemporary PMD management is based upon incision biopsy for histological confirmation followed by lesion excision, often via CO 2 laser, for definitive diagnosis and treatment of "high-risk"
lesions. [4] [5] [6] Tissue biopsy and histopathological grading of dysplasia, although remaining the gold standard for PMD diagnosis, have been criticised as invasive, expensive, subjective and ultimately unrepresentative, especially for large, multifocal lesions. 1, 2 Non-invasive adjunctive diagnostic tools were proposed to improve detection of early signs of cancer change in oral mucosa.
These include vital staining, optical imaging and brush biopsy cytology although reports of effectiveness are anecdotal, there is criticism they rarely reveal features not demonstrable by conventional techniques, and their role in contemporaneous clinical practice remains unclear. 7, 8 Cytodiagnosis is the technique whereby individual cells are loosened from their tissue of origin and transferred to a cytology slide for microscopic examination. Whilst effective sampling of exfoliated oral epithelial cells for analysis has proved unreliable, newer collection devices including a range of "cytobrushes" have been developed
to facilitate full-thickness sampling of stratified epithelium. 9 The
Orcellex â brush (Rovers Medical Devices BV., Oss, the Netherlands) has a specially designed head comprising 5 segments of high-density fibres designed for optimal cell collection, storage and predictable release of cells from multiple layers of oral epithelium ( Figure 1A ). In clinical practice, the brush head is firmly placed against the mucosa 
| Cytology
Patients underwent Orcellex â brush biopsy as illustrated in Figure 1 .
Cytology specimens were processed and stained using the BD Prep 
| Histopathology
Incision biopsies were performed under the direction of PJT and excision specimens obtained following interventional laser treatment. 
| Statistical analysis
Statistical analyses were performed using SPSS, version 19.0 (Statistical Package for the Social Sciences, Chicago, IL, USA). (15) less common. Floor of mouth and ventrolateral tongue together comprised the most commonly affected site in 139 cases (44.9%).
| RESULTS
All brush cytology samples were of diagnostic quality with 164 specimens reported as "normal," 137 displaying variable severity of dyskaryosis and 9 suggestive of SCC. Histopathological diagnoses, based upon the most significant abnormality observed, reported 165
"normal" specimens with 131 exhibiting dysplasia and 14 CiS or invasive SCC. Review of diagnostic categories listed in Table 1 and the cytology vs histopathology cross-tabulation presented in Table 2 reveal a very similar distribution; correlation coefficient r = .305 (Cramer's V association) confirmed a moderately strong relationship between results. Whilst reasonable sensitivity and positive predictive values for brush cytology to detect SCC were seen, specificity and negative predictive values were much higher; Table 3 .
Candida hyphae were identifiable in both cytology and histology specimens (10% and 4.8%, respectively), but features of LI (28.7%) and PVL (11.3%) were only characterised by histopathological examination. Table 4 and presented graphically in Figure 2 ) suggested that treatment modality (in particular the absence of laser treatment), lesion site, histopathology and cytology diagnoses were the best predictors of developing further disease; histopathology exerted an 11% influence, whilst cytology 7% suggesting histopathology to be a 1.6 times better predictor than cytology. In contrast, patient age, sex, lesion appearance and the presence of candida, LI or PVL were all less predictive of outcome.
| DISCUSSION
This study analysed a cohort of 310 treated PMD patients examined by Orcellex â brush biopsy in addition to conventional histopathology, and confirmed diagnostic reliability together with a potential predictive role. The majority of PMD lesions were leukoplakias on floor of mouth and ventrolateral tongue sites, with nearly half exhibiting dysplasia or SCC and undergoing interventional laser treatment, consistent with our previously reported patient cohorts. [4] [5] [6] In contrast, recent cytology studies have involved less specific mucosal disease, smaller patient numbers and no clinical outcome data.
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Whilst we previously compared cytology with incision biopsy diagnoses for 224 patients in an Orcellex â brush trial, many of those lesions were not dysplastic, no excision biopsies were studied, and no treatment or long-term follow-up data were available. 11 The Orcellex â brush appears a useful adjunctive diagnostic technique: readily available in clinic, easy to use, minimally invasive and efficient in cell collection. 11, 13 From a clinician perspective, the brush has an optimal design facilitating application to oral sites. Patients report a preference for brush in contrast to conventional techniques requiring local anaesthetic, scalpel or punch instrumentation and suturing. 11 The brush provides trans-epithelial sampling of basal, para-basal and superficial cell layers important for cytology grading, especially relevant in thickened keratin layers characteristic of leukoplakia, the commonest PMD.
T A B L E 2 Cross-tabulation of the number of cases and sensitivity scores (parentheses) for cytology vs histopathology diagnoses Figure 1D ).
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Whilst significant correlation was seen between cytology and histopathology diagnoses (134 study samples matched precisely; F I G U R E 2 Contribution of independent variables in predicting outcome from the multiple logistic regression model already harbour invasive SCC on initial presentation. 6 LBC, in the absence of histological confirmation, can only raise suspicion that abnormal cells have arisen in an invasive SCC. It is notable, however, that we found the number of cytology and histopathology SCC diagnoses similar at 9 and 14 cases, respectively (the latter included 4
CiS cases; Table 1 ).
Whilst the sensitivity and positive predictive values for brush detected SCC were reasonable (60% and 67%, respectively), specificity and negative predictive values showed high credibility (99%).
Orcellex â brush biopsy therefore, whilst not a substitute for conventional biopsy and histological examination, offers additional "screening" opportunities for abnormal cell identification especially for sampling of large, widespread or multifocal lesions during long-term monitoring and active surveillance of patients post-PMD treatment. 6 This clinicopathological review took place within a single-centre, specialist PMD service and was not a prospective, randomised controlled trial. Nonetheless, the study supports Orcellex â brush biopsy and LBC as practical, effective and reliable adjunctive diagnostic techniques during management of a 310 PMD patient cohort followed for up to 6 years in a hospital setting.
